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osting by EAbstract A southeast mobile sand dune ﬁeld extends west of the Nile Valley and encroaches on the
cultivated land. These dunes have been investigated by geological and geomorphological mapping
using Landsat ETM images and ﬁeld work. Fifty sand samples had been collected from sand dunes
and ﬁve samples from substratum. The laboratory investigations involve granulometric parameters
using binocular microscope and carrying out the collective diagrams and granulometric indices.
Morphoscopic studies using Scanning Electron Microscope (SEM) elucidate the surface process
affected on sand grains.
These dunes have their source from Oligocene sand and gravel deposits to the north of the study
area and from the substratum. While the sands are shiny and more rounded mat grains in the north-
ern part of these dunes due to ﬂuvial processes, the south sands become more markedly ‘‘aeoli-
nized’’ by including less rounded and striated sand grains. They move and increase in size in the
down wind direction. The initiation of linear dunes explanted here west of the Nile Valley where
the eastern tails of the lee side of the barchan dunes are longer than the western ones and sometimes
these tails are connected with each other forming longitudinal sand dunes. These dunes are in
mature stage and the southern dune may be in the last modiﬁcation stage.
 2011 National Authority for Remote Sensing and Space Sciences.
Production and hosting by Elsevier B.V. All rights reserved.l.com (E.S.A. El Gammal),
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Sand dunes in the Western Desert of Egypt have attracted the
attention of many authors and were the subject of the classic
basic research of Bagnold (1941) and McKee (1979). Said
(1981) named this stretch of aeolian sand dune remains as El
Khafoug Formation, inter-ﬁnger both the Pre-Nile deposits
of the Middle Pleistocene (ending 200 000 BP) and the
Neo-Nile sediments of the Late Pleistocene sediments to be
12 000–20 000 BP. Abd Moati (1993) stated that the linear
dune, of Wadi El Rayan, is relatively short (10 km) and narrow
(0.1–0.2 km) organized in three parallel belts and apart from a
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El Gindi (2000) stated that the inter dune area of the extreme
eastern belt in this dune ﬁeld is reclaimed and is cultivated dur-
ing the last three decades, and the dunes appear as captured by
cultivated land.
A group of barchan and elongated sand dunes are located
in N–S direction, parallel to the Nile Valley and close to the
cultivated land, west of Samalut city (Fig. 1). These sand dunes
represent a natural hazard to the cultivated land, in an area
subjected to development and settlements in Egypt; therefore
it needs scientiﬁc studies elucidating the genetic development
and characteristics of these sand dunes as well as their risk.
The study dunes are part of large dune ﬁelds extending about
150 km in a longitudinal shape from the depression of Wadi El
Rayan to the western margins of the Nile Valley; it lies be-
tween Latitudes 28150N and 28210N and Longitudes
29300E and 30350E.
This dune ﬁeld is built of several parallel compound and
complex dune belts extending in the SSE direction. LandsatFigure 1 Location map. StuETM images and topographic maps show that the dune form
changes from linear ridges to barchan and barchanoid belts.
From the topographic maps, the ﬁeld can be divided into
two parts: the northern part in Wadi El Rayan is dominated
by linear dunes, while barchans and barchanoid occur in the
southern part outside the depression.
The Western Desert of Egypt is part of the driest region on
the earth, where the incident solar radiation is capable of evap-
orating 200 times the amount of precipitation (Climatic Atlas
of Egyptian Meteorological Authority, 2001). For this reason
wind is the main agent of erosion and deposition in a com-
pletely aeolian environment (El-Baz and Wolf, 1981). Wind,
air moving more or less parallel to the surface of the ground,
dismantles scarps, deepens hollows and erodes exposed rocks.
The products of the erosion are either hurled in the atmo-
sphere as dust, accumulated in the form of sand sheets and
dunes, or left behind as coarse lag deposits. Because of this ex-
treme aridity, wind is the main agent of sculpture in this desert.
El-Baz and Wolf (1981) studied the wind patterns in thedy area marked by frame.
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prevailing wind direction in the northern part of the desert
(near the Mediterranean coast) is SW, in the central part of
the same desert it is blowing from the west. In July, the prevail-
ing wind direction is more uniformly NW, with a tendency to
blow from the north that is coinciding with the Climatic Atlas
of Egyptian Meteorological Authority (2001). Overall, both
wind and solar energy have to play a big role in the oases.
There is hardly a place on earth where the wind and the sun
are as effective and powerful for almost 365 days each year
as they are in the Egyptian Western Desert.
2. Methodology
In this study, 50 sand samples had been collected from 10
observation localities, from nine sand dunes. Each observation
locality could be considered as a proﬁle across the sand dune
direction of movements. Also ﬁve rock samples were collected
from outcropped formations (Fig. 2). The sampling sites were
localized using GPS instrument and topographic maps. The
sand samples are sieved and the separate samples weighed.
The early step is to carry out the collective diagrams using
the computer program SITA. Besides, the sand grain features
were analyzed, that is, grain rounding with the use of a gran-
iformameter and grain rounding and frosting in the binocular
microscope (Cailleux method, 1942). The surface of these sand
grains has been investigated by the use of a Scanning Electron
Microscope (SEM). This procedure enables to distinguishFigure 2 Samplegrains displaying surface features such as frosting, rounding
or angularity and pitting. Then the cumulative curves were
drawn in the probability scale using the computer program
SITA. From these curves, the granulometric indices were cal-
culated, that is, the mean grain diameter, standard deviation
(measure of sorting) and skeweens. In addition, a new geomor-
phological map was prepared for the investigated area to
understand the sand dunes in relation to their surrounding
and to delineate the physiographic features of the dunes. A
simpliﬁed geological map of the investigated area (Fig. 3)
was modiﬁed in the present ﬁeld work after a geological map
of the Egyptian Geological Survey; sheet El Minea (2003).
3. Geological setting
In the southern part of the area, the ground (surrounding and
in-between the dunes) is covered by Quaternary deposits of
Idfo and Essawia Formations (Fig. 4A). Idfo and Essawia
Formations are composed mainly of sands, gravels and some
clay and chert with different grain sizes. In the northern part,
this is covered by Samalut Formations, of dolomitic and num-
mulitic limestone. (Fig. 4B and C). The Quaternary sediments
lie unconformably over the Pliocene or older sediments in the
Nile Valley and the surrounding deserts. In the deserts, how-
ever, which are the sites of intense erosion, the Quaternary sed-
iments are thin and incomplete. The Nile trough is ﬁlled with
alluvial sediments which are divisible into ﬁve units each of
which is unique with regard to its texture, structure andlocation map.
Figure 3 Geological map of the area south of Wadi El Rayan Western Desert, Egypt, adapted from the geological map of Egyptian
Geological Survey, sheet El Minea (2003).
Figure 4 (A) Photograph showing Quaternary deposits of Idfo
Formation; (B) conglomerates and limestone of Essawia Forma-
tion; (C) dolomitic and numolitic limestone of Samalut
Formations.
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cropped rock formations in the investigated area:
3.1. Quaternary
Sand dunes, Playa deposits, Gavels and sands, Qena Formation
(F): conglomerates, siltstone and gravels, Idfo F; conglomerates
and sandstones, and Issawia F; conglomerates and limestone.3.2. Tertiary
Basalt and dolerites, Rayan F: Yellowish brown sandy argilla-
ceous and ferruginous limestone with Oyster, Samalut Forma-
tion: Nummulitic limestone and marl with Gastropoda and
Nummulites Gizehensis.
In the following, a brief description is given of some of the
dominant outcropped rock formations in the investigated area.
Essawia Formation composed mainly of conglomerates and
limestone. This formation represents the bounding cliffs and
the piedmont slope west of the Nile river sediments. Medium
bedded scarps cut the conglomerates and limestone beds.
Tufas and sabkhas are formed at the foot slopes of these
scarps. This formation overlies by Idfo Formation with an
unconformity.
The rock units in Idfo Formation are the Protonile
deposits (river deposits) in the Nile Valley in the Pleistocene
and are made up of cobble and gravel-sized sediments com-
posed of quartz and quartzites. The advent of the Pleisto-
cene brought to Egypt a pattern of aridity that set the
tone of the climate prevailing in Egypt, with minor ﬂuctua-
tions, through out the Pleistocene. The earliest Pleistocene
was an episode of great aridity in which Egypt was con-
verted into a veritable desert. This episode of great aridity
was interrupted by the intrusion of a highly component riv-
er, in the Nile Valley, named by (Said, 1990) as ‘‘Protonile’’
made up of deposits of Idfo Formation. The ‘‘Protonile’’
was succeeded by two other rivers, the ‘‘Prenile’’ and the
‘‘Neonile’’. The deposits of these two rivers are distinct in
lithology, stratigraphic relationships and mineral and mor-
phoscopic studies content (Said, 1990). They are separated
from each other by an unconformity and a long recession.
The deposits of the Prenile are made up of massive cross-
Hazard impact and genetic development of sand dunes west of Samalut, Egypt 141bedded ﬂuvial sands interbedded with dune sands forming
Qena Formation which composed mainly of conglomerates,
siltstone sands and gravels.
Playa deposits of the Western Desert belong to the clay ﬂat
surface type. The surface is smooth, dry and composed of ﬁne
grained clastic sediments and ﬁlled with layers of lacustrine
deposits and aeolian deposits. Playa deposits remnants of
Holocene pluvial lakes of the Western Desert of Egypt repre-
sent the lowest points of the various enclosed drainage basins
of the desert. Playa deposits owe their origin to surface dis-
charge during pluvial (Said, 1990). The northern part of the
Sahara has witnessed several phases of pluvial and arid cli-
mates during the Quaternary. These seem to be correlated with
glacial and interglacial episodes. Glacial episodes correspond
to periods of high aridity, while interglacial episodes corre-
spond to periods of higher pluviometry (Wendorf et al.,
1993). Playa deposits in these areas tend to be developed dur-
ing pluvial phases, while wind action tends to erode their sed-
iments during periods of high aridity, with the exception of a
playa found in the northern part of the Western Desert, no
playa older than 12 000 years was found (Wendorf et al.,
1993). This suggests that most playas in this part of the desert
are of post-glacial age and that the sediments moving around
are not very old. Thus most aeolian sediments of these dunes
should have been derived from nearby exposed sand–gravel
sediments.4. Geomorphology
The Western Desert of Egypt is an arid zone part of the
African Sahara and does not have big mountains and hills;
therefore, the wind action (aeolian process) is strong in this
wide desert. The Western Desert of Egypt has different types
of sand dunes, sand sheets, depressions (oasis) and plateaux.
The study area has low topographic elevation, ranging from
40 to 90 m above sea level. The investigated sand dune ﬁeld
is present as a NNW–SSE belt, it has two types of dunes; elon-
gated and barchans dunes.
A new geomorphological map is drawn using Landsat
ETM images, aerial photographs and ﬁeld work (Fig. 5).
The following geomorphological landforms and features are
recognized.
Aeolian depositional landform Erosion landforms
Barchan sand dunes Plain
Longitudinal sand dunes Rugged land
Sand sheets Geomorphic features
Structure landform General slope
Limestone hills Braided drainage channel
Sandstone hills Anthropogenic landforms
Basaltic cones Cultivate land
Escarpment Reclaimed land
Fluvial deposition landform Road
Gravels and sands (Quaternary)The area has general inclination to the north, while there is
a local slope to the east. At the east there is a semi-horizontal-
ﬂat area covered by Quaternary sands and gravels (Plate 1A).
At the west there is a gently inclined area towards the east, ithas several small basaltic cones and low hills. This group of
elongated sand dunes are located as a hall in the NNW–SSE
direction west of the Nile Valley cultivated land. The dunes ex-
hibit low topographic relief. Some of these dunes are close to
cultivations on the third terrace of the Nile Valley is present
near these dunes.
The elongated dunes are located between the highland area
and the lowland area, while the barchans dune ﬁelds are lo-
cated in the rugged area and on the slopes of the high lands.
It is noteworthy that barchans dune ﬁelds are surrounded by
the elongated dunes.
In this area, the elongated dunes are restricted by topogra-
phy, the lee side (slip side) surface of the dune is present on the
rock bedding ridges which are trending in NNW–SSE. The
lower topographic position is in the stoss side (back side) side
of the safe dune (Plate 1B). This suggested that the evolution of
the linear dunes out of the eastern born of barchans and ulti-
mately growing into an independent longitudinal dune is not
only caused by NNW winds as indicated by the mean wind
pattern but also by the stormy wind component blowing even
more in the west. While Mostafa (2002) described these dunes
as two belts trending in the SSE general direction and are sin-
uous due to wind bi-directions systems, in the ﬁeld and on
Landsat TM images the linear dunes have no trend without
sinuous.
The barchan dunes are also affected by the topographic po-
sition, the lower topographic position has the stoss side (back
side) of each dune, while the lee side (slip side) surfaces are
present at the high land. The eastern arm of most barchans ex-
tends southwards more than the western one, making the form
of linear dune or ‘‘arm’’ (Draa). The length of these arms var-
ies from 0.30 to 3 km and with a mean direction of 150. Nine
sand dunes have been investigated in the ﬁeld and they have
been sampled from east to west.
In the following, a brief geomorphic description for each
sampling sand dune is given:
Sand dune number 1, in general, has elongated shape, in the
N–S direction, some parts are safe, but in general, it is com-
posed of some barchans and transverse dunes (Plate 1C). There
are ripple marks on the top of the dune; these ripples have
black sands in their convex waves, and their concave face is sit-
uated towards the wind direction. Sand dune number 2 is, in
general, of elongated shape, in the N–S direction, but it has
one barchan dune perpendicular to its direction (Plate 1D).
Sand dune number 3 is, in general, of elongated shape, in
the N–S direction, with transverse dunes (Plate 1E). Sand dune
number 4 is in longitudinal (elongated) shape, in the N–S direc-
tion. The west side has steep slope (slope angle more than 35),
while the eastern slope is very gentle (less than 22). Sand dune
number 5 is, in general, big barchan dune (closed to two small
barchans dunes). It is in the NW–SE general direction. Sand
dune number 6 is, in general, big dome-shaped. It has wide rip-
ple marks and coarse grained sands in both sides. The sam-
pling had been taken from the south to north along the
cross-section. Sand dune number 7 is of, more or less, elon-
gated shape, in the N–S direction. There are angular ripple
marks, perpendicular on its peak direction (Plate 1F). The sam-
pling was taken from the west to east along the cross-section.
Sand dune number 8 is barchan dune; it is a curved peak
and is mainly in the E–W direction (Plate 1G). Sand dune num-
ber 9 is of elongated shape; it reaches up to 3 km, the west side
shows a gentle slope while the east has a steep slope. It is close
Figure 5 Geomorphological map of the area west of Nile Valley, Egypt, prepared in the ﬁeld.
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(Plate 1H and I). The sample numbers 9 and 10 were taken
from the same dune. The size of the ripple marks in sand sheets
in the area is gradient. The wide ripple marks (in sands) are
present far from the dune. The middle-sized ripple marks are
near to the dune; while the thin ripple marks are close to the
dune (Plate 1J).
In linear dunes formation, McKee (1979) stated that
‘although linear dunes are the most common desert dune type,
they are probably the least understood in terms of formation’,
Thomas (1997) stated that ‘the initiation of linear dunes still
require explanation’. The dune ﬁeld west of the Nile Valley
has been investigated by producing geological and geomorpho-
logical maps by using remote sensing techniques for the area
surrounding the dune ﬁeld and by undertaking laboratory
investigations on samples collected from various dunes. The
laboratory investigations involve different granulometric
parameters and morphoscopic studies. These dunes seem to
have their source from a location found to the north, west
and from the substratum of the dunes probably from the
extensive sand and gravel deposits of the Oligocene, Miocene
and Quaternary ages. However, it is not to be excluded that
part of the sediments of the dunes are old, intensively re-
worked aeolian sediments moving in the Western Desert dur-
ing various arid phases of the Quaternary.
The Landsat ETM images and aerial photography with
ﬁeld veriﬁcations show that the barchan sand dunes are
present in the western side of these dunes over a rugged area
exhibiting a relatively higher relief than the area covered by
longitudinal sand dunes. Longitudinal sand dunes are lo-
cated in the eastern part of the dune ﬁeld covering and sur-rounded by low land. These dunes are striking in a NW–SE
direction (parallel to the prevailing wind) and are often con-
stituted by the accumulation of barchan dunes. The eastern
tails of the lee side of the barchan dunes are longer than
their western tails. Sometimes these tails are coalescing with
each other to constitute longitudinal sand dunes. This phe-
nomenon is most probably due to the effect of wind action
on the dune and depends on the wind direction and on the
annual pattern of variations of this direction. It also de-
pends quite probably on the regional slope of the substra-
tum, which dips gently towards the east. The eastern part
of the dune ﬁeld covered by longitudinal dunes shows in a
more straight forward way the effect of wind action due
to smooth topography of the wide area in the center of
the Western Desert over which this part of the dune ﬁeld
is situated. Longitudinal and seif dunes move to the south
according to the wind direction.
The Landsat ETM images and aerial photography show
that the barchan sand dunes are present in the western side
of these dunes over a rugged area exhibiting a relatively high-
er relief than the area covered by longitudinal sand dunes.
Longitudinal sand dunes are located in the eastern part of
the dune ﬁeld covering and surrounded by low land. These
dunes are striking in a NW–SE direction (parallel to the pre-
vailing winds) and are often constituted by the accumulation
of barchan dunes. The eastern tails of the lee side of the bar-
chan dunes are longer than their western tails. Sometimes
these tails are coalescing with each other to constitute longi-
tudinal sand dunes (Fig. 13). This phenomenon is most prob-
ably due to the effect of wind action on the dune and
depends on the wind direction and on the annual pattern
Plate 1 Photographs showing (A) Quaternary deposits between dunes, (B) the lower topographic position is in stoss side of the safe
dune, (C) the sand dune number 1is , in general, of elongated shape, in the N–S direction, some parts are safe dune, it is composed of some
barchans and transverse dunes, (D) the sand dune number 2 is elongated shape, in the N–S direction, but it has one barchan dune, (E) sand
dune number 3 is elongated shape, in the N–S direction, with transverse dunes, (F) the elongated sand dune in the N–S direction. the ripple
marks are perpendicular on its peak direction, (G) barchan dune number 8, it is mainly in the E–W direction, (H) sand dune number 9, the
west side shows gentle inclined while the east is steep, it is extended to the reclaimed land, (I) the sand dune close to the asphalt road, (J)
the size of ripple marks in sands in the area is gradient, the wide ripple marks (in sands) present far from the dune, the middle near to the
dune, while the thin ripple marks close to the dune.
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signiﬁcance; it also depends quite probably on the regional
slope of the substratum, which dips gently towards the east.
The eastern part of the dune ﬁeld covered by longitudinal
dunes shows in a more straight forward way the effect of
wind action due to smooth topography of the wide area in
the center of the Western Desert over which this part of
the dune ﬁeld is situated (Fig. 13). Longitudinal and seif
dunes move to the south according to wind direction. The
stages of sand dune initiation and development, and the asso-
ciated modiﬁcations to boundary air ﬂow after Kocurek et al.
(1990), can explain the extension of the studied dunes to the
south-east. We can suggest that the studied dunes are in the
mature or the last modiﬁcation stage of Kocurek et al.
(1990). Field observations suggest that the southern dune is
more mature than the northern one. Playas are mainly found
over the western part of the area. It may be noticed that the
dunes follow the general strikes of beds exposed in the area.
This strike is also the direction of several minor scarps carved
by wind erosion. The erosion surface on the ground of thearea includes some parts covered with Quaternary gravels,
cultivated land and few outliers (isolated hillocks). Salt, playa
and sabkha deposits, remnants of Holocene pluvial lakes, are
frequently found at the lowest points of the enclosed basin in
the area.
5. Granulometric analysis of sand dunes
The analysis of granulometric composition is essential for the
investigation of the textural features of deposits. It provides
valuable information on the dynamics and regime of processes
which had formed deposits and built relief forms genetically
connected with these deposits (Mycielska-Dowgallo, 1995).
We selected sieve fractions as the following:
Substratum sample number E-1, sample number E-2 sam-
ple number E-3, sample number E-1 lie between sand dune
numbers 1, 2 and 3, sample number E-3 lies between sand dune
numbers 4, 5, 6, 7, and 8 and sample number E-2 lies between
sand dune numbers 9 and 10. Fifty samples from 10 sand
dunes and three samples from substratum (Tertiary and Qua-
Table 1 Sand samples sieve fraction in mm.
Sample number Sieve fraction range (mm)
1-a 1–0.630
1-b 0.800–0.630
1-c 1–0.800
1-d 1–0.800
2-a 1–0.800
2-b 1–0.80
2-c 1–0.80
2-d, 0.800–0.630
2-e 1–0.800
3-a 1–0.630
3-b 0.800–0.630
3-c 1–0.630
3-d 0.630–0.500
3-e 0.630–0.500
4-a >1
4-b 0.800–0.630
4-c 0.630–0.500
4-d 0.630–0.500
4-e 0.630–0.500
5-a 1–0.800
5-b 0.630–0.500
5-c 1–0.500
5-d 0.800–0.630
6-a 0.800–0.630
6-b 1–0.630
6-c 0.800–0.630
6-d 0.800–0.630
6-e >1
7-a 1–0.800
7-e 0.800–0.500
8-a >1
8-b 0.800–0.630
8-c 0.800–0.630
8-d >1
8-e >1
9-a >1
9-b 0.800–0.630
9-c 1–0.800
9-d 1–0.800
9-e 0.800–0.630
10-a >1
10-b 0.800–0.630
10-c 1–0.630
10-d 1–0.630
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Egypt, were subjected to statistical analyses in curves and his-
tograms as in Table 1.
Cumulative curves of granulometric composition on the
probability scale were obtained (Fig. 6) with calculation of
granulometric indices according to (Mycielska-Dowgallo,
1995). Frequency curves were obtained of 50 samples from
10 sand dunes and three samples from substratum of Quater-
nary sediments (Fig. 7). The abrasion of grains in the aeolian
environment is usually characterized by slightly greater
homogeneity than the source material. Principal regression
lines of a general relationship of sorting (o˜) and mean diam-
eter (Mz) of 50 samples from 10 sand dunes were obtained
(Fig. 8). Presentation of relationship of sorting (o˜) and gam-
ma group (d) of 50 samples from 10 sand dunes and from
substratum is shown (Fig. 9). The abrasion of grains in theaeolian environment is usually characterized by slightly
greater homogeneity than the source material. Presentation
of relationship of sorting (o˜) and rounding index (Wo) of
50 samples from 10 sand dunes and from three substratum
is shown (Fig. 10) from substratum (Tertiary and Quaternary
sediments) south of Wadi El Rayan, Western Desert, Egypt.
The abrasion of grains in the aeolian environment is usually
characterized by slightly greater homogeneity than the source
material. The degree of abrasion of quartz grains of any
investigated deposit should not be considered separately but
should always be compared with the abrasion of grains col-
lected from the source deposit. The difference between the de-
gree of abrasion of the grains of the investigated and the
source deposit may indicate the length of time of transport
and sedimentation. The degree of aeolization of deposits
seems to indicate the duration of aeolian processes, which
turned the source deposit into the deposit forming the dune
form under investigation.6. Morphoscopic properties of sand samples
6.1. Morphoscopic classiﬁcation of grains under binocular
microscope
The method used here is based on the morphoscopic
classiﬁcation of grains examined under a stereomicroscope
taking into consideration both the rounding of grains and
the frosting of their surface. It has been modiﬁed by
Mycielska-Dowgallo (1995). It distinguishes between the fol-
lowing categories: rounded mat grains (RM), rounded shiny
grains (EL), rounded, partly mat grains (EM), angular
grains (NU), cracked grains (C) and weathered grains
(NNE).
The histograms of Fig. 11 enable to notice the following:
All samples include small proportions of angular sand
grains (NU) suggesting that these sands (mostly with rounded
grains) are mature sediments, which suffered appreciable
reworking and transportation. Samples located in the northern
and central parts of the dune ﬁeld yielded an appreciable pro-
portion of rounded and shiny grains (EL). This suggests that
part of their grains (originating from sediments subjected to
ﬂuvial transportation) has not been intensively ‘‘eolinized’’.
Samples collected from the southern part include a small pro-
portion of shiny grains (<7%) suggesting that these sediments
were subjected for longer time to transportation by winds un-
der arid conditions. This corroborates the conclusion that the
source of sediments feeding the dune ﬁeld lies to the north and
that sand movements proceed from the north to south (or
rather NW–SE) in the direction of the prevailing wind. All
samples have high proportions (>55%) of round and mat
grains (RM). However, samples collected from the northern
parts of the dune ﬁeld have lower proportions of RM grains
(<60%) than samples collected from the southern parts of
the ﬁeld, which include more than 60% of round mat grains.
This suggests that the northern samples were nearer to the
source of sand feeding the dunes and that their grains were less
subjected to the process of ‘‘eolinization’’ than those samples
collected from locations lying further south. This also corrob-
orates the conclusion that some sediment transport is from the
north to south and that the source of sediments lies mainly to
the north of the dune ﬁeld.
Figure 6 Cumulative curves of granulometric composition on the probability scale of 50 samples from 10 sand dunes south of Wadi El
Rayan Western Desert, Egypt, with calculation of granulometric indices according to Mycielska-Dowgallo (1995).
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partly mat grains to round shiny grains (EM/EL) in the
northern samples suggests that these sediments have not been
as intensively ‘‘eolinized’’ as the sediments of the southern part
of the dune ﬁeld, where no rounded partly mat grains (EM)
were counted (i.e. all grains are ‘‘fully’’ mat and have no trace
of their previous ‘‘ﬂuvial’’ origin). These southern samples,however, include a high proportion of round and mat grains
(EM), suggesting that most of their components are ‘‘old’’
aeolian material, but that their relatively poorly ‘‘eolinized’’
fraction is an admixture of ﬂuvial sediments added to the pre-
dominantly old aeolian sediments. In the northern samples the
sediments are generally more sharply differentiated into purely
‘‘aeolian’’ rounded mat grains (RM) and ‘‘ﬂuvial’’ rounded
Figure 7 Frequency curves of 50 samples from 10 sand dunes and three samples from substratum (Tertiary and Quaternary sediments)
south of Wadi El Rayan, Western Desert, Egypt.
146 E.S.A. El Gammal, A.E.D.A. El Gammalshiny grains (EL). Partly mat grains (EM), which are remnants
of ﬂuvial material not completely ‘‘aeolinized’’, are less con-spicuous here. Weathered grains (NNE) are conspicuous in
samples 1, 2 and 5. They were not observed in samples 4 and
Figure 8 Principal regression lines of generally relationship of
sorting (o˜) and mean diameter (Mz) of 50 samples from 10 sand
dunes south of Wadi El Rayan Western Desert, Egypt.
Figure 9 Presentation of relationship of sorting (o˜) and gamma
group (d) of 50 samples from 10 sand dunes and from substratum
(Tertiary and Quaternary sediments).
Figure 11 The method taking into consideration both the
rounding of grains and the frosting of their surface is a
morphoscopic classiﬁcation of grains according to Mycielska-
Dowgallo (1995).
igure 10 Presentation of relationship of sorting (o˜) and
ounding index (Wo) of 50 samples from 10 sand dunes and from
hree substratum (Tertiary and Quaternary sediments).
Hazard impact and genetic development of sand dunes west of Samalut, Egypt 1476. Cracked grains (C) were found in small proportions in all
samples.
6.2. Micromorphology of the surface of the quartz grains in the
Scanning Electron Microscope (SEM)
The surface of the sand grains from the investigated dunes has
been investigated by the use of a Scanning Electron
Microscope (SEM). This procedure enables to distinguish
grains displaying surface features such as frosting, roundingF
r
t
Figure 12 SEM photomicrographs of rounded grains (effect of
transportation by water in the northern part of these dune belt) in
A, B, C, D and E while the photo-micrographs F, G, H, I and J
display mat and striated grains (effect of aeolian transportation in
the southern part of these dune belt).
148 E.S.A. El Gammal, A.E.D.A. El Gammalor angularity, and pitting. Fig. 12 shows SEM photomicro-
graphs of rounded grains (effect of transportation by water
in the northern part of these dune belts) in A, B, C, D and E
while the photomicrographs F, G, H, I and J display mat
and striated grains (effect of aeolian transportation in the
southern part of these dune belts).
Figs. 14a and 14b show two proﬁle sections in barchan
dunes, parallel to the prevailing wind direction (direction of
dune movement). The ﬁrst proﬁle is in a dune in the central part
of the erg section of the ﬁeld, while the second is from a barchan
in the southern end of this section. The proﬁles suggest that the
southern dune is more mature than the northern one.
7. The dune movement and change detection
The main feature in the southern section of these dune ﬁelds is
that the eastern arm of most barchans extends southwardsmore than the western one, making the form of linear dune
or ‘‘Draa’’ (arm). The length of these Draa varies from 0.30
to 3 km and with a mean direction of 150. The evolution of
the linear dunes out of the eastern born of barchans and ulti-
mately growing into an independent longitudinal dune is not
only caused by NNW winds as indicated by the mean wind
pattern but also by the stormy wind component blowing even
more from the west. The slope of the terrain is from west to
east towards the Nile Valley and thus the sand moves prefera-
bly down slope. Thus, a component in an eastern direction is
expected. The dune movement and sand encroachment on
the cultivated ﬁelds along the margins of the Nile ﬂood plain
represent a permanent threat to soil productivity and agricul-
tural production in this region. Dunes move at rates that have
been variously estimated from 10 to 100 m/year ( Bagnold,
1941); the rates are proportional to the length of duration of
the effective wind as well as to the size, angle of slope and
length of the windward side of the dune. The dune movement
is controlled not only by the mean wind pattern but also by the
stormy wind component blowing even more from the west.
The slope of the terrain is from west to east towards the Nile
Valley and thus the sand moves preferably down slope. Thus,
a component in an eastern direction is expected. The dune
movement and sand encroachment on the cultivated ﬁelds
along the margins of the Nile ﬂood plain represent a perma-
nent threat to soil productivity and agricultural production
in this region.
The dune size is expressed by the surface (area) of the dune
as estimated from the image by the Arc GIS software. They are
larger towards the east and smaller towards the west; the rela-
tion is an almost perfect linear relation (Fig. 15). The same
dunes tend to be also larger towards the south, but with a less
perfect linear relation. In general, it can be concluded that the
dunes are generally larger in the down wind direction (SE
direction).8. Results and conclusion
Granulometric analysis of sand dunes elucidates that the abra-
sion of grains in the aeolian environment is usually character-
ized by slightly greater homogeneity than the source material.
The degree of abrasion of quartz grains of any investigated de-
posit should not be considered separately but should always be
compared with the abrasion of grains collected from the source
deposit. This comparison enables to evaluate the extent of
transformation. The difference between the degree of abrasion
of the grains of the investigated and the source deposit may
indicate the length of time of transport and sedimentation.
Morphoscopic properties of sand samples in histograms en-
able to notice that all samples have high proportions (>55%)
of round and mat grains (RM). However, samples collected
from the northern parts of the dune ﬁeld have lower propor-
tions of RM grains (<60%) than samples collected from the
southern parts of the ﬁeld, which include more than 60% of
round mat grains. This suggests that the northern samples
were nearer to the source of sand feeding the dunes and that
their grains were less subjected to the process of ‘‘eolinization’’
than those samples collected from locations lying further
south. This also corroborates the conclusion that some sedi-
ment transport is from north to south and that the source of
sediments lies mainly to the north of the dune ﬁeld.
Figure 13 Sketch representing the initiation of linear dunes west Nile Valley, gradual evolution of barchan to longitudinal dunes from
west to east in the investigated dunes. The eastern tails of the lee side of the barchan dunes are longer than the western ones and sometimes
these tails are connected with each other forming longitudinal dunes. This phenomenon is due to wind direction. However, the slope of the
ground over which the dunes move is towards the east, and may also have an inﬂuence.
Figure 14a Section in a dune from the northern part of the dune
west of the Nile valley.
Figure 14b Vertical section of a dune in the southern part of the
dune west of the Nile valley.
Hazard impact and genetic development of sand dunes west of Samalut, Egypt 149The relatively high value for the proportion of rounded
partly mat grains to round shiny grains (EM/EL) in the
northern samples suggests that these sediments have not been
as intensively ‘‘eolinized’’ as the sediments of the southern part
of the dune ﬁeld, where no rounded partly mat grains (EM)
were counted (i.e. all grains are ‘‘fully’’ mat and have no trace
of their previous ‘‘ﬂuvial’’ origin). These southern samples,
however, include a high proportion of round and mat grains
(EM), suggesting that most of their components are ‘‘old’’ aeo-lian material, but that their relatively poorly ‘‘eolinized’’ frac-
tion is an admixture of ﬂuvial sediments added to the
predominantly old eolian sediments. In the northern samples
the sediments are generally more sharply differentiated into
purely ‘‘eolian’’ rounded mat grains (RM) and ‘‘ﬂuvial’’
rounded shiny grains (EL). Movement of sand is due to NW
and SW winds and the sand becomes more markedly ‘‘aeoli-
nized’’ in this direction by including less rounded shiny sand
Figure 15 Change detection of sand dunes movement in multi-temporal dates west of the Nile.
150 E.S.A. El Gammal, A.E.D.A. El Gammalgrains and more rounded mat grains. They also include less
clay material towards the SE.
The surface of the sand grains from the investigated dunes
has been investigated by the use of a Scanning Electron
Microscope (SEM). This procedure enables to distinguish
grains displaying surface features such as frosting, rounding
or angularity, and pitting. Fig. 12 shows SEM photomicro-
graphs of rounded grains (effect of transportation by water
in the northern part of these dune belts) in A, B, C and D,
while the photomicrographs E, F, G and H display mat and
striated grains (effect of aeolian transportation in the southern
part of these dune belts).
The method taking into consideration both the rounding of
grains and the frosting of the surface is a morphoscopic classi-
ﬁcation of grains, under both binocular and SEMmicroscopes.
These dunes have their source from a location found to the
north, east and from the substratum of the dunes probably
from the extensive sand and gravel deposits of the Oligocene,
Miocene and Quaternary ages. However, it is not excluded tobe that part of the sediments of the dunes are old intensively re-
worked aeolian sediments moving in theWestern Desert during
various arid phases of the Quaternary. SEmovement of sands is
due to wind and becomes more markedly ‘‘aeolinized’’ in this
direction by including less rounded and striated sand grains.
They also include less clay material towards the south. While
the sand grains are shiny and more rounded mat grains in the
northern part of this dune ﬁeld due to ﬂuvial processes.
The initiation of linear dunes here is west of Nile Valley
where the eastern tails of the lee side of the barchan dunes
are longer than the western ones and sometimes these tails
are connected with each other forming longitudinal sand
dunes. These dunes are in mature stage and the southern dune
may be in the last modiﬁcation stage.
The dunes move towards the agriculture belt to the west of
the Nile River as natural hazard. Stabilization of dunes may
take place by building a pavement of gravels on the dune. Ulti-
mately, wind will remove the sand grains while the pavement
will form a lag layer and probably this will end in converting
Hazard impact and genetic development of sand dunes west of Samalut, Egypt 151the sand dunes into sand sheets. With breakers, higher trees
are also important to nullify the power of wind.References
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